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Abstract

Background: Human immune deficiency virus (HIV) increases the susceptibility to primary infection or reinfection
and the risk of tuberculosis (TB) reactivation for patients with latent TB. There was no current report on the rate of
active TB infection among HIV-1 infected patients in our teaching and referral hospital. Therefore, this study was
aimed to determine the prevalence and factors associated with active TB infection among HIV-1 infected patients.

Methods: Hospital-based retrospective cross-sectional study was conducted at the Anti-Retroviral Therapy (ART)
chronic follow-up clinic. Systematic random sampling was used to include the patients. A structured questionnaire
was used to collect data. Data were analyzed using SPSS version 25. Descriptive statistics were used to describe the
findings and multivariate logistic regression was performed to identify factors associated with active TB infection.

Result: 150 HIV-1 infected patients (female 54.7%) were included. The median (interquartile range, IQR) age of the
patients was 33.5 (25.7, 40.0) years. Twenty-six (17.3%) of the patients had developed active TB infection, which was
independently associated with the WHO clinical stage III and IV (AOR: 9.67, 95% confidence interval (CI); 2.21–42.37),
p = 0.003). The use of isoniazid preventive therapy (IPT) (AOR: 0.123, 95CI; 0.034–0.44, p = 0.001) and having good
adherence to ART medications (AOR: 0.076, 95CI; 0.007–0.80, p = 0.032) was associated with the reduced risk of
active TB infection among HIV-1 infected patients.

Conclusions: Advanced WHO clinical stages increased the risk of active TB infection, while the use of IPT and good
adherence to ART medications reduced the risk of active TB infection. Therefore, patients with advanced WHO
clinical stage should be screened for TB infection, and starting IPT for the candidate patients should be
strengthened to reduce the burden of active TB incidence. ART medication adherence should also be supported.
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Introduction
In 2015, there were an estimated 10.4 million cases of
Tuberculosis (TB) disease globally, including 1.2 million
[11%] among people living with the Human immune-
deficiency virus (HIV). Almost 60% of TB cases among
people living with HIV (PLWH) were not diagnosed or

treated, resulting in 390,000 TB-related deaths. Sub-
Saharan Africa bears the brunt of the dual epidemic, ac-
counting for approximately 84% of all deaths from HIV-
associated TB in 2018 [1].
HIV infection is the most important risk factor for de-

veloping active tuberculosis, which increases the suscep-
tibility to primary infection or reinfection and also the
risk of tuberculosis (TB) reactivation for patients with la-
tent TB. It also speeds up the progression of HIV infec-
tion to Acquired immunodeficiency syndrome (AIDS)
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[2]. Untreated latent TB infection can quickly progress
to active TB infection in PLWH since the immune sys-
tem is already weakened [3]. In HIV-infected patients,
there is a 5 to 15% annual risk of developing active TB
infection [4]. The risk of developing TB is estimated to
be between 16 and 27 times greater in PLWH than
among those without HIV infection. In order to reduce
the incidence of TB infection in PLWH, World Health
Organization (WHO) recommends the three I’s strategy:
intensified case-finding (ICF), isoniazid preventive ther-
apy (IPT), and infection control (IC) at all clinical en-
counters. PLWH who are unlikely to have active TB
should receive at least 6 months of IPT as part of a com-
prehensive package of HIV care. However, fewer than
25% of persons living with HIV and who are in care are
receiving it [1].
Ethiopia has notified 125,836 new TB cases and en-

rolled 702 drug-resistant TB cases in 2016. HIV co-
infection impedes the TB control efforts contributing to
around 8% of annually notified TB cases [5]. Ethiopia
has adopted the 6 months-isoniazid (INH) monotherapy
for PLWH regardless of their ages and TB-exposed
under-five children [5]. Studies from different regions of
Ethiopia have reported a higher prevalence of TB infec-
tion among HIV-infected patients [6–12]. The factors
responsible to increase the risk of TB infection were
lower baseline CD4 count <200cell/μL [7–9, 11], WHO
clinical stage III and IV [6–8, 10], did not take IPT [7],
ambulatory functional status [9, 10], cigarette smoking
and hemoglobin below 10 g/dL [6].
However, most of the related published studies were

from the Amhara [9, 11–16] and Southern Nations, Na-
tionalities, and People’s (SNNPs) regions [6–8, 10] of the
country. There was a scarcity of evidence on the rate of
active TB infection among PLWH in our teaching and
referral hospital. A study published from our hospital by
Gudina et al. [17] was too early and the data may not be
reflective of the current status in our setting. Under-
standing the predictors of active TB infection among
HIV-infected patients is important to improve TB/HIV
co-infected patients’ management. The findings from
this study may help contribute to evidence for the pol-
icymakers for the TB control programs and inform clini-
cians in the areas of TB control and prevention.
Therefore, this study was designed to determine and up-
date the prevalence of active TB infection and the asso-
ciated factors among HIV-1 infected patients at Jimma
Medical Center (JMC).

Materials and methods
Study area and period
The study was conducted at JMC, the ART chronic
follow-up clinic. The study area, Jimma town, Oromia
Region, is found 352 km away from the country’s capital

city, Addis Ababa in the Southwest direction. The data
were collected between January 11 and February 1, 2021

Study design
Hospital based retrospective cross-sectional study.

Study population
The study population is adult HIV-1 infected patients
who were registered and on follow-up between Septem-
ber 1, 2017, and September 1, 2020. The patients who
developed active TB before HIV infection is confirmed,
patients’ cards with incomplete data, and those aged less
than 15 years were excluded.

Sample size
Due to the financial and time feasibility, the sample size
was calculated using a single population proportion for-
mula. From the early published study, 16% of the HIV-
infected patients had active TB at the time of HIV diag-
nosis or developed it since then [17]. Assuming a 95%
confidence level, 5% degree of freedom (d), the mini-
mum sample size (n0) was calculated using a formula;
n = (Zα/2)2 p(1-p)/d2 = 206. Between September 1, 2017,
and September 1, 2020, the number of registered adult
HIV-1 infected patients on follow-up was 403. The re-
duced formula (nf: n/ (1 + n/N)) was used to determine
the final sample size, which was 136. For the incomplete
data, 10% of the final sample size was added. Thus, the
final sample size was 150.

Sampling techniques
A systematic random sampling technique with a lottery
method was adopted for selecting a representative sam-
ple. Every two patients’ card was selected to include the
participants.

Data collection procedure
A structured questionnaire was developed after review-
ing different literature. Sociodemographic, clinical, and
laboratory data were collected. The data were collected
by a principal investigator and two other trained Clinical
Nurses.

Data quality assurance
Before the actual data collection, a pretest was done on
10% of the final sample size of patients. Modifications
were made to the data collection tool. During the actual
data collection, every filled questionnaire was checked
for completeness.

Data processing and analysis
The collected data rechecked for completeness, cleaned
and coded. Then, data were entered SPSS version 25 for
analysis. Descriptive statistics were performed, and the
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findings were presented in frequency, percentage, mean
(standard deviation, SD), and median (interquartile
range, IQR). The tables and pie chart were also used to
present the findings. Chi-square was performed to assess
the relationship of categorical variables with the out-
come. Univariate logistic regression was performed with
each explanatory variable and a variable with a p-value
of 0.25 was retained and fitted into the multivariate lo-
gistic regression using the backward method to deter-
mine the factors associated with the development of
active TB infection. The effect size was reported using
the odds ratio with their 95% confidence interval. And
the p-value < 0.05 was used to declare the significant
association.

Study variables
Dependent variable: the presence of active TB infection
among HIV-1 infected patients.
Independent variables: patient sociodemographic (age,

sex, education status, residence, ethnicity, etc.), baseline
disease clinical characteristics, and laboratory data.

Operational definition
Tuberculosis (TB): is an infectious disease caused by
the bacterium Mycobacterium tuberculosis.
Active tuberculosis: refers to symptomatic TB that

occurs in patients infected with HIV that is character-
ized by cough with sputum and blood, chest pains,
weakness, weight loss, fever, and night sweats.
Human immunodeficiency virus (HIV): is a virus

that attacks the immune system, the body’s natural
defense system and making a person more vulnerable to
infections, and also the virus causes acquired immune
deficiency syndrome (AIDS).
Drug adherence: in this study, it was reported as good

adherence when > 95% of the total dosage units issued
were received by the patients, and poor when < 95% of
the issued dosage units was received [18].
The functional status of the HIV patients was A)

Working: Able to perform usual work inside or outside
the home. B) Ambulatory: Able to perform Activity of
Daily Living (ADL), Not able to work. C) Bedridden:
Not able to perform ADL [19].

Ethical considerations
Ethical approval was obtained from Jimma University In-
stitutional Review Board (IRB) with Ref. No. Phar/696/
2013 and sent to the ART/TB follow-up care clinic. Ver-
bal informed consent was obtained from the director of
the ART/TB clinic and health professionals working at
the clinic prior to patients’ card review after the purpose
of the study was explained to them. Confidentially of the
patients’ data was kept by using unique identification
codes rather than patient names.

Results
Sociodemographic characteristics of the HIV-1 patients
One hundred fifty HIV-1 infected patients were in-
cluded. Eighty-two (54.7%) of the patients were female.
The median (IQR) age of the patients was 33.5 (25.7,
40.0) years. More than half (58.0%) of the patients were
married and living in the urban area (53.3%). Seventy
(46.7%) of the patients were unemployed, and the least
were housewives (6.0%) and government employers
(6.7%). Half of the patients had primary education and
fewer patients had an educational level of tertiary and
above (4.7%). Regarding the social drug use, 46.0% of the
patients were a current/history of khat chewer and
38.0% alcohol drink (Table 1).

Clinical characteristics of HIV-1 infected patients
Two-third (66.0%) of the patients had WHO clinical
stage I and II. One hundred ten (73.3%) of the patients
had the functional status of ambulatory and 2.0% of the
patients had bedridden functional status at baseline. The
median (IQR) CD4 cells was 414.0 (210.0, 650.0) cells/
μL. Fifty-nine (39.3%) of the patients had CD4 cells
greater than 500 cells/μl and 22.7% of the patients had

Table 1 Sociodemographic characteristics of the HIV-1 infected
patients at ART clinic of JMC

Variables Frequency Percentage

Sex Male 68 45.3

Female 82 54.7

Age, median (IQR) years, 33.5 (25.7, 40.0)

Marital status Single 41 27.3

Married 87 58.0

Divorced 16 10.7

Widowed 6 4.0

Residence Urban 80 53.3

Rural 70 46.7

Education level Illiterate 43 28.7

Primary 75 50.0

Secondary 25 16.7

Tertiary and above 7 4.7

Occupation Unemployed 70 46.7

Students 22 14.7

Merchant 22 14.7

Farmer 17 11.3

Government 10 6.7

House wife 9 6.0

Khat chewing 69 46.0

Alcohol drink 57 38.0

Smoking 47 31.3

IQR Interquartile range
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less than 200 cells/ μL. Viral load (VL) measurement
was reported in 14 patients. The mean (SD) VL was
2051.6 ± 715.8 copies/μL. One patient had a VL of
greater than 1000 copies/ml. The median (IQR) of the
body mass index (BMI) of the patients was 20.2 (18.4,
22.9) kg/m2. Eighty-eight (58.7%) of the patients had
normal BMI while 26.0% of patients had a BMI less than
18.5 kg/m2. Regarding the comorbid diseases, 26 (17.3%)
of the patients had comorbid diseases. Twenty-six
(17.3%) of the patients had a family history of TB
(Table 2).

ART medications, Cotrimoxazole prophylaxis and
isoniazid preventing therapy (IPT)
One-hundred twenty-two (81.3%) of the patients were
taking Tenofovir + Lamivudine + Efavirenz (TDF +
3TC + EFV). Based on the pill count adherence measure-
ment, 94.7% of patients had good adherence and 5.3%
had poor ART adherence. One hundred thirty-six
(90.7%) of the patients were received cotrimoxazole
prophylaxis while 81.3% of the patients received IPT
(Table 3).

Prevalence of active TB infection
Of the total of 150 HIV-1 infected patients, 17.3% of the
patients had developed active TB infection. Nineteen
(73.08%) of the TB patients had positive acid-fast bacilli
(AFB). Similarly, the majority (61.54%) of the TB pa-
tients had a pulmonary TB infection (Fig. 1).

Factors associated with the development of active TB
infection among HIV-1 infected patients
Upon the univariate logistic regression analysis, having
no formal education, family history of TB, WHO clinical
stage III & IV, baseline CD4 cell count less than 350
cells/μL, ambulatory and bedridden functional status,
and presence of other comorbid diseases significantly in-
creased the risk of developing active TB infection. While,
the use of isoniazid preventive therapy, cotrimoxazole
prophylaxis, and having good adherence to ART medica-
tions significantly reduced the risk of active TB
infection.
However, the multivariate logistic regression analysis

showed, WHO clinical stage III and IV, the use of iso-
niazid preventive therapy, and having good adherence to
the ART medications significantly associated with active
TB infection. Patients in WHO clinical stage III and IV
were more than 9 times more likely to develop TB infec-
tion (AOR: 9.67, 95% CI; 2.21–42.37), p = 0.003), com-
pared to patients with WHO clinical stage I and II.
However, the use of isoniazid preventive therapy re-
duced the risk of TB infection by 87.7% (AOR: 0.12,
95CI; 0.03–0.44, p = 0.001) compared to patients who
did not use isoniazid preventive therapy. Similarly, HIV-
infected patients who were assessed to have good adher-
ence to ART medications were less likely to develop TB
infection (AOR: 0.076, 95CI; 0.007–0.80, p = 0.032)
(Table 4).

Discussion
HIV infection is the most powerful known risk factor
predisposing for Mycobacterium tuberculosis infection
and progression to active disease. The co-infections of
TB and HIV pose particular diagnostic and therapeutic
challenges and exert immense pressure on health care
systems in African countries with large populations of
co-infected individuals [20]. Therefore, understanding
the predictors of active TB infection among HIV-
infected patients is paramount to improve TB/HIV co-

Table 2 Clinical characteristics of HIV-1 infected patients at ART
clinic of JMC

Parameters Frequency Percentage

WHO stages I 66 44.0

II 33 22.0

III 35 23.3

IV 16 10.7

Functional status Working 110 73.3

Ambulatory 37 24.7

Bed ridden 3 2.0

CD4 cells Less than 200 34 22.7

200–350 33 22.0

350–500 24 16.0

Greater than 500 59 39.3

BMI (kg/m2) Less than 18.5 39 26.0

18.5–24.9 88 58.7

Greater than 25 23 15.3

Comorbid diseases 26 17.3

Family history of TB 26 17.3

BMI Body Mass Index, WHO World Health Organization, CD4 Cluster of
differentiation 4

Table 3 ART medications, Cotrimoxazole prophylaxis and
Isoniazid preventing therapy (IPT) among HIV-1 infected patients
at ART clinic of JMC

Medications Frequency Percentage

ART TDF + 3TC + EFV 122 81.3

AZT + 3TC + NVP 20 13.3

TDF + 3TC + DTG 8 5.3

Adherence to ART Good 142 94.7

Poor 8 5.3

Cotrimoxazole prophylaxis 136 90.7

Isoniazid preventive therapy 122 81.3

ART Anti-retroviral, TDF Tenofovir, 3TC Lamivudine, EFV Efavirenz, AZT
Zidovudine, NVP Nevirapine, DTG Dolutegravir
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infected patients’ management. As a result, this retro-
spective cross-sectional study was conducted with the
intention to determine the prevalence and factors associ-
ated with the development of TB infection among HIV-
1 infected patients.
In this study, the number of HIV-1 infected female pa-

tients outweighs the number of male patients, and the
median age for all patients was 33.5 years. And most of

them are from urban areas. Several studies from Ethiopia
reported similar findings. Debre Markos [13], Yirgalem
[7], Gondar [11], Debre Tabor [14], Addis Ababa [21],
Amhara region [9]. This is because one of the hotspots
for HIV infection in Ethiopia was urban and being in
middle age was also a risky group to acquire HIV infec-
tion [22]. Most of the HIV- infected patients in this
study were in WHO clinical stage I and had a working

Fig. 1 Pie chart of the types of TB infection among HIV-1 infected patients at ART clinic of JMC

Table 4 Multivariate logistic regression analysis of factors associated with the development of active TB infection among HIV-1
infected patients at ART clinic of JMC

Variables COR Sig. AOR 95 conf. Interval Sig.

Education level Illiterate 2.60 0.034 1.156 0.28–4.74 0.840

At least primary (reference) 1

Khat chewing Yes 1.77 0.192 1.006 0.26–3.88 0.993

No (reference)

Family history of TB Yes 8.54 < 0.001 2.286 0.502–10.41 0.285

No (Reference) 1

WHO clinical stage III & IV 26.30 < 0.001 9.67 2.21–42.37 0.003

I & II (reference) 1

CD4 cell count/μl < 350 9.66 < 0.001 0.456 0.058–3.57 0.455

> 350 (reference) 1

Functional status Ambulatory and bed ridden 3.60 0.004 1.713 0.45–6.51 0.429

Working (Reference) 1

Comorbidities Yes 4.22 0.003 2.441 0.57–10.43 0.228

No (Reference) 1

IPT Yes 0.040 < 0.001 0.123 0.034–0.44 0.001

No (reference) 1

Cotrimoxazole prophylaxis Yes 0.114 < 0.001 0.243 0.051–1.16 0.076

No (Reference) 1

ART adherence Good 0.022 0.001 0.076 0.007–0.80 0.032

Poor (Reference) 1

Keys: IPT Isoniazid preventive therapy, ART Anti-retroviral therapy, C/AOR crude/adjusted odds ratio
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functional class. Our finding is comparable with reports
from Hawassa [10], Gondar [11], Debre Tabor [14],
Debre Markos [13], and Gojjam [15]. Less than a quarter
(23.0%) of the patients had CD4 cell counts of less than
200 cell/μL. Comparable findings were reported from
Yirgalem [7] and Gojjam [15]. However, relatively higher
findings were reported from Gondar [11] and Debre
Tabor [14], and Amhara region [9]. The differences in
the CD4 counts from the different studies could be due
to the different sociodemographic of the patients and
timing of presentation to the health facilities.
Our study showed the proportion of TB occurrence

among the HIV-1 infected patients was 17.3%. This find-
ing is supported by the previous Ethiopian studies from
Debre Markos (16.9%) [13] and Hawassa (18.2%) [10].
However, studies from Afar (26.4%) [23] and Addis
Ababa (25.8%) [24] reported a higher TB occurrence.
Both of the studies were multicenter and employed rela-
tively a higher sample size as compared to our study
which is a unit center with a relatively lower sample size.
This could be the possible explanation for the discrep-
ancy. On the contrary, studies from Gondar (6%) [12]
and (7.5%) [11], Debre Markos 12.55% [16], Arba Minch
(7.2%) [8], and Tanzania (11%) [25] reported the propor-
tion of TB occurrence among HIV-infected patients was
lower compared to our study finding. This inconsistency
could be due to the difference in the study design, pa-
tient characteristics, geography, and diagnostic modal-
ities employed.
Concerning the type of TB infection, this study indi-

cated 19.2% of the HIV-1 infected patients had extrapul-
monary TB. Similar findings were reported in a meta-
analysis from Sub-Saharan Africa [26] and a retrospect-
ive study from Ethiopia [16]. However, the finding of
this study was relatively higher compared to studies by
Fikadu et al. [10] and Alemu et al. [21], where 14.0 and
12.95% of the TB cases were extrapulmonary, respect-
ively. In a study by Ahmed et al. [23], 76.47% of the
HIV/AIDS patients had extrapulmonary TB. This differ-
ence might be due to the higher prevalence of active TB
infection in a study by Ahmed et al. [23] compared to
our study.
In the present study, patients in WHO clinical disease

stages III and IV were more than 9 times more likely to
develop TB infection compared to those patients with
WHO clinical stages I and II. This finding is in line with
reports of previous Ethiopian studies from Debre Mar-
kos [13], Afar [23], and Hawassa [10]. A study from
Tanzania [25] had also reported a similar finding. This
implies that HIV-infected patients with advanced WHO
clinical stages (stage III and IV) are at higher risk for TB
and need to take IPT as per guideline recommendations.
In support of this, the present study revealed that the
use of IPT reduced the risk of TB infection by 87.7%

compared to patients who did not use it. This is in line
with the WHO recommendations of IPT use to reduce
the occurrence of TB in HIV-infected patients [27] and
the TEMPRANO ANRS 12136 trial [28]. This finding is
also supported by multiple studies [13, 16, 23, 25].
In this study, the other determinant for the occurrence

of TB infection was adherence to ART medications.
HIV-1 infected patients who were assessed to have good
adherence to the ART medications were less likely to de-
velop TB infection. Non-adherence might increase the
viral load, which might increase patients’ risk for TB in-
fection. The finding is in line with studies done in West
Shewa Zone [29] and Debre Markos [16].

Limitation
Although this study is up-to-date in the area in our set-
ting, relatively the small sample size, being cross-
sectional in the design, and retrospective in nature of
this study was the major limitation. The absence of other
clinical variables may also be a limitation.

Conclusions
The prevalence of tuberculosis infection in this study
was 17.3%. Advanced WHO clinical stages increased the
risk of developing TB infection. However, the use of iso-
niazid preventive therapy and having a good adherence
to ART medications reduced the risk of TB infection
among HIV-1 infected patients. Thus, we recommend
clinicians to early screen the HIV-infected patients for
tuberculosis and initiation of isoniazid preventive ther-
apy particularly for patients with advanced WHO clinical
stage. Clinicians should also educate the patients about
the importance of adherence to their medications. These
measures counteract the progression of latent TB to ac-
tive TB; which in turn decreases the spread of
tuberculosis.
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